1. Introduction Direct drive permanent magnet (PM) generators have become one of the most attractive solutions for the renewable energy conversion system comparing to the conventional system with gear-box which suffers from maintenance drawbacks. However, classical direct drive PM generator needs large pole pair number to satisfy a rated low speed operation at standard frequency leading to larger machine diameters. For the applications with limited volume, high torque density machine could be a useful solution. Canal lock energy can constitutes an interesting renewable source as there are more than 200 locks in the North of France. In order to install the turbine into the lock channel with minimum influence on the ship passing operation time and no civil modification of channel, a direct drive generator with high torque density has gained the most priority. PM vernier machine is well known for its capacity to provide high torque density and low torque ripple. It requires smaller slot number than classical PM machine with the same rotor pole pairs [1] [2]. Based on the hydraulic turbine design of a previous work [3] , an outer rotor inner stator PM vernier generator is proposed to integrate the turbine together to achieve compact topology. The turbine blades fixed on the outer surface of rotor. The rotor can be mechanical supported by ball bearing on the two sides of inner shaft. In recent years, many PM vernier machine topologies were proposed to improve the torque density and power factor which is regarded as the main drawback [4] [5][6]. In [7], the influences of rotor and stator pole ratio on the performance of PM vernier machine are also investigated. This paper will discuss the influence of the magnet pole arc ratio, slot open ratio and magnet thickness on the machine performances (torque density, torque ripple) by using finite element analysis (FEA) method. Simulations are carried out on an analytical designed prototype and results are compared to analytical approach in order to study the effect of nonlinear behavior of the magnetic material. 2. Operation principles The electromagnetic energy conversion of a PM vernier machine is based on the interaction of armature magnetic field and the one of the rotating magnets that is modulated by the air gap permeance. As the magnets are surface mounted, the variation of the air gap permeance is due to the only open stator slots. In order to achieve this conversion in a continuous manner while avoiding high torque ripples, the relationship between the rotor PM pole pairs p r , stator winding pole pairs p s and number of slots N s should satisfy the following equation: p r = N s ± p s Key parameters which influence the interaction between both magnetic fields, and thus machine performance, are magnet pole arc ratio and thickness and stator open slot ratio [6]. Air gap mechanical length which also plays a key role in the machine performance is chosen following the machine diameter. Therefore, only the three parameters mentioned above should be optimized. 3 Application The main geometries of generator have been designed using analytical approach for the desired application with rated power 45 kW at 50 rpm and 36.6Hz. The rotor and stator pole pair number are 44 and 4 respectively. Thus, the slots number is equal to 48. The machine air gap radius is 0.442m and its active length is 0.22m. A first study with analytical approach [1] has been conducted on the 'optimal' values of the three parameters. It leads to a waveform of the maximal torque and torque ripples with respects to these parameters. A second study, using FEA has been carried out using either linear high value of the relative permeability of the iron and the B(H) curve of M400-50A steel. To achieve the FE analysis, we used code_Carmel which is a homemade 3D time stepping FEM code. In our case, a 2D vector potential formulation A has been used to carry out the calculation. Figure 1 shows the magnetic flux density distribution of one quarter of the designed generator. It clearly shows that it looks like just 4 pole pairs machine even if the rotor has 44 pole pairs. The PM flux is modulated by the slots. Different magnet thickness, pole arc ratio and slot open ratio combinations have been investigated by analytical method and FEA (linear and nonlinear conditions). Figure 2 shows the average torque with respects to magnet thickness. It can be seen that analytical results consistently match the evolution of FEA results in linear condition. However, there is a significant difference between results obtained for linear and nonlinear
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